INTRODUCTION
============

Familial history of type 2 diabetes mellitus (T2DM) is one of the dominant risk factors for that in future a subject can develop diabetes. Both, insulin resistance (IR) and β-cell dysfunction are critically important in the pathogenesis of the hyperglycemia of T2DM \[[@B1]\].

Overweight, obesity and impaired glucose tolerance are commonly factors founded in first degree relatives of diabetic patients \[[@B2]\]. However, genetic predisposition has been demonstrated as the primary cause of T2DM independently of increase in body fat and the IR may be a primary abnormality in the pathogenesis of this disease \[[@B3]\].

There is evidence that oxidative stress and reactive oxygen species (ROS) play an important role in the etiology and/or progression of diabetes \[[@B4],[@B5]\]. Oxidative stress is mediated by the intracellular accumulation of ROS; it has been implicated in pathological processes such as obesity, diabetes, cardiovascular disease, and atherogenic processes. Moreover, the excess of body fat may induce systemic oxidative stress and, in turn, it is associated with an irregular production of adipokines, which contributes to the development of the IR and inflammation \[[@B6]\].

Oxidative stress process is due to the production of ROS and the impairment of antioxidant enzymatic defenses such as superoxide dismutase (SOD) or glutathione peroxidase (GPx) \[[@B7]\].

Free radicals of importance in living organisms include hydroxyl (OH·), superoxide (O~2~·-) nitric oxide (NO·), and peroxyl (RO~2~·). Peroxynitrite (ONOO-), hypochlorous acid (HOCl), hydrogen peroxide (H~2~O~2~), singlet oxygen (1O~2~), and ozone (O~3~) are not free radicals but can easily lead to free-radical reactions in living organisms. The term \"reactive oxygen species\" is often used to include not only the radicals OH·, RO~2~·, NO·, and O~2~·- but also the non-radicals HOCl, 1O~2~, ONOO-, O~3~, and H~2~O~2~ \[[@B8]\].

Myeloperoxidase (MPO) is a heme enzyme which is the major protein in neutrophils and, to a lesser extent, in monocytes. MPO uses H~2~O~2~ to generate HOCl that is a potent bactericidal agent, generating ROS \[[@B9]\]. MPO plays an essential part in the innate immune system by catalyzing the production of HOCl. However, MPO has also been implicated as a very harmful agent in an increasing number of inflammatory-mediated disorders \[[@B10]\]. A strong correlation between serum MPO levels and increased risk of subsequent cardiovascular diseases has been demonstrated in patients with acute coronary syndrome \[[@B11]\]. This is evidence for a role of MPO as mediator of vascular inflammation and the generation of oxidant species, including HOCl in the pathophysiology of inflammatory diseases. Therefore, the aim of this study was to evaluate the association between serum levels of MPO with IR and inflammation in overweight subjects with first-degree relatives with T2DM.

METHODS
=======

Subjects
--------

A cross-sectional case-control study was performed in a period of January to September of 2013. Eighty-four overweight subjects with first-degree relatives with T2DM of Family Medicine Unit (FMU) N° 80 of Mexican Institute of Social Security (IMSS) in Morelia, Michoacán, Mexico were included. The participation of subjects was voluntary, based on the invitation. The characteristics of overweight subjects with familial history of T2DM were both sex, 30 to 60 years old and body mass index (BMI) between 25 and 29.9 kg/m^2^. Subjects with history of viral infection, drug history or inflammation processes or that they were receiving pharmacological treatment were not included. For analysis, the overweight subjects were divided in two groups, depending on the presence (IR group) or absence of IR (control group \[CG\]). A value ≥2.5 was of cutoff point for analyzing IR by homeostasis model assessment (HOMA) index \[(insulin \[µU/mL\]×glucose \[mmol/L\])/22.5\] in accordance by Aguilar-Salinas et al. \[[@B12]\] in Mexican population. This cutpoint had been used in previous reports \[[@B13],[@B14]\]. Glucose values between 100 to 125 mg/dL were defined as impaired fasting glucose (IFG) \[[@B15]\]. Triglycerides (TGs) ≥150 mg/dL and cholesterol ≥200 mg/dL were taken as cutoff point for hypertriglyceridemia and hypercholesterolemia, respectively \[[@B16]\].

Methods
-------

A complete clinical history, with anthropometrical measurements and blood pressure were obtained; weight was measured to nearest 0.1 kg and height to nearest 0.1 cm. BMI was calculated according to the Quetelet index \[weight (kg)/height (m^2^)\] and percentage of body fat was assessed by a body composition analyzer Model TBF-215 TANITA (TANITA Corporation of America, Arlington Heights, IL, USA). Blood pressure was measured with a mercury sphygmomanometer after 20 minutes rest, in a supine position and a proper cuff placed on the dominant arm in accordance of International Criteria of Joint National Committee 7 \[[@B16]\].

Blood samples were collected after 12 hours fasting from a vein in the antecubital fossa without venous occlusion. In woman the samples were collected during 3 to 5 days of their menstrual cycle. All samples were separated in aliquots and frozen immediately at -70℃ until analysis for quantifying interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), insulin, glutathione reductase (GRd), GPx, and SOD so to avoid interassay variability. Glucose, cholesterol, TG, and high density lipoprotein (HDL), low density lipoprotein (LDL) concentrations were measured immediately using an automatic analyzer (Roche Diagnostics, Mannheim, Germany), the intra-analysis coefficient of variation for these tests was 1%.

IL-6, TNF-α, and MPO were measured by EIA kit (Cayman Chemical Co., Ann Arbor, MI, USA); the sensitivity of assay of IL-6 was 7.8 pg/mL, TNF-α was 1 pg/mL, and MPO was 14 pmol/L. The activity of GRd and GPx were measured by assay kits (Cayman Chemical Co.). SOD was measured by Cayman\'s SOD assay kit (Cayman Chemical Co.).

Insulin was measured by an immunoenzymatic assay, the minimum concentration detection for insulin was 0.17 µIU/mL (Invitrogen Corp., Camarillo, CA, USA).

This study was approved by the Local Investigation and Ethics Committee of the Social Security of Mexican Institute and the procedures were in accordance with Helsinki Declaration of 1975 and revised 2000. All participants received a detailed explanation of the study and, after reading it, they signed the informed consent.

Statistical analysis
--------------------

The Kolmogorov-Smirnov test was used to assess the normality of distribution of investigated parameters. Data were expressed as mean±standard deviation. Systolic and diastolic arterial pressure, Insulin, IL-6, TNF-α, MPO, GPx, GRd, and SOD were distributed abnormally. In variables distributed normally, differences between groups were calculated using a Student *t*-test for independent samples. Differences between groups of variables distributed abnormally were calculated with Mann-Whitney *U* test. Spearman\'s rho correlation coefficients were used to analyze bivariate relationships. Linear regression analysis by stepwise and odds ratio (OR) analysis were used to test the association of biochemical parameters (glucose, cholesterol, TGs, LDL, HDL, IL-6, TNF-α, and oxidative stress enzymes) with IR as dependent variable. A *P*\<0.05 was considered statistically significant in all cases. Data were stored and analyzed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Of the 84 subjects studied, 43 subjects (51%) had IR (HOMA index ≥2.5) and 41 subjects (49%) HOMA index normal (HOMA index \<2.5). The clinical and biochemical characteristics of two groups are given in [Table 1](#T1){ref-type="table"}. Age, blood pressure, BMI, waist circumference, and percent of body fat were similar in both groups. Glucose (IR group, 94.45±2.10; CG, 85.05±1.91 mg/dL; *P*=0.001) and insulin (IR group median, 16.80 \[13.37 to 22.80\]; CG median, 9.37 \[8.37 to 10.51\]; *P*=0.0001) were statistically different between groups. IFG was present in 13 subjects of group with IR and in three subjects or CG, hypertriglyceridemia in 27 subjects of IR group and in 20 subjects in the CG, while hypercholesterolemia in 15 subjects of group with IR and in 19 subjects of CG. The results of oxidative stress enzymes and inflammatory variables are resumed in [Table 2](#T2){ref-type="table"}. Correlations between MPO and other measured variables about ROS and Inflammation are shown in [Table 3](#T3){ref-type="table"}. Results of linear regression analysis are given in [Table 4](#T4){ref-type="table"}. MPO and TNF-α were variables with an independent influence in IR (*R^2^*=0.178; *F*=8.868; *P*=0.0001). The excluded variables of model were GPx, GRd, SOD, and IL-6.

OR analysis was adjusted by age and gender in subjects with overweight and history of first-degree relatives with T2DM, MPO, SOD, IL-6, and TNF-α levels showed a high risk to present IR (MPO: OR, 9.880; 95% confidence interval \[CI\], 2.647 to 36.879; SOD: OR, 6.333; 95% CI, 1.926 to 20.827; IL-6: OR, 10.000; 95% CI, 2.695 to 37.100; TNF-α: OR, 6.107; 95% CI, 1.861 to 20.041) ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

This study showed that MPO was positively associated with IR and inflammation in overweight subjects with first-degree relatives with T2DM. In other study \[[@B17]\], we corroborated that subjects with first-degree relatives with T2DM had normoglycaemia and hyperinsulinemia that could be early detected but in our FMU N° 80 IMSS, serum insulin is not a routine test in clinic laboratory.

In association with overweight and obesity the prevalence of IR is constantly growing. As a consequence of this fact, T2DM occurs with high frequency in younger age groups \[[@B18],[@B19]\]. Patients with first degree relatives of T2DM may present impaired function of β-cell with normal concentrations of glucose, hypertriglyceridemia, higher body fat percent, abdominal obesity, and these situations were present in both, IR group and in CG which place at subjects with first degree relatives of T2DM in a high risk for future type 2 diabetes \[[@B20]\].

Evans et al. \[[@B21]\] reported that high concentrations of glucose and free fat acids cause oxidative stress and initiates IR in genetically predisposed individuals for diabetes. Oxidative stress is the pathogenic constituent in diabetic endothelial dysfunction. Moreover, overweight and obesity may induce oxidative stress too \[[@B22]\]. In our study, all subjects had overweight, but only MPO and SOD enzymes in subjects with IR and without IR were different. We corroborate the association between IR, MPO, and SOD. Baynes \[[@B23]\] presented evidence that oxidative stress may not early occur in the process of diabetes, but could be an underlying pathogenic factor in the progression of the disease. In contrast, our results show an increase of SOD and MPO enzymes in subjects with IR. Evidence exists that H~2~O~2~ generation measured ex vivo in serum of type 2 diabetic patients is significantly higher \[[@B24]\], this start since prepatologic stage (IR) probably because subjects with IR had levels higher activity of SOD. Superoxide is converted to the H~2~O~2~ by SOD to oxygen and water by antioxidant enzymes such catalase and GPx. Goyal et al. \[[@B25]\] reported lower activity of GPx in obese diabetic patients and Kornhauser et al. \[[@B26]\] showed in first-degree relatives of patients of T2DM an over expressing of GPx gene as defense mechanisms to protect cell from oxidative stress \[[@B27]\]. Conversely, our results have shown that activity of GPx was not found different between IR group and without IR group in first-degree relatives T2DM.

MPO uses H~2~O~2~ to oxidize numerous substrates to hypoclorous acid and is highly expressed in ruptures of human coronary atheroma, and proteins modified by hypoclorous acid are present at high concentrations in these regions of the artery wall \[[@B28]\]. Fu et al. \[[@B29]\] report that hypoclorous acid production by MPO might represent a physiological mechanism that link degradation of matrix proteins by metalloproteinases. Our results report a higher concentration of MPO in IR group, probably as detrimental to β-cells and insulin function. The production of HOCl by MPO could trigger metalloproteases activation, degrade extracellular matrix proteins, and move forward via a complex cascade of cytoskeleton rearrangement brought about by the coordinated action of small Rho family GTPases and consequently damage of β-cell \[[@B29],[@B30]\]. This is a new theme that arising for this study.

Several studies have demonstrated that TNF-α and IL-6 contribute to IR \[[@B31],[@B32]\]. In fact, we accordance with this, TNF-α and IL-6 were significantly higher in IR group in comparison with without IR Group. In accordance with Olza et al. \[[@B33]\] we found a positive correlation between TNF-α, IL-6, and MPO shows that MPO is implicated in inflammation as a mediator of vascular inflammation and further points toward the significance of neutrophil activation and the generation of oxidants species \[[@B34],[@B35]\].

A limitation of this study was the minor participation of men, it was known that the distribution of the body fat is different between man and women and it could have influence in our results, this hypothesis is unlikely because the regression model was adjusted by gender, age, and BMI too.

In conclusion, MPO had relation with IR and with inflammation parameters in overweight subjects with first-degree relatives with T2DM. Overweight subjects with first-degree relatives with T2DM and IR, have an increase for developing T2DM. We need studies on a casual relationship and molecular mechanisms among the increased serum MPO levels, inflammation markers, and IR.
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###### Clinical and biochemical characteristics of overweight subjects with first-degree relatives with type 2 diabetes mellitus

![](dmj-39-59-i001)

Values are presented as mean±standard deviation.

IR, insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; IR-HOMA, insulin resistance evaluated by homeostasis model assessment.

^a^*P*\<0.05.

###### Oxidative stress enzymes and inflammatory variables in overweight subjects with first-degree relatives with type 2 diabetes mellitus
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Values are presented as median (interquartile range, Q1-Q3).

IR, insulin resistance; MPO, myeloperoxidase; GRd, gluthathione reductase; GPx, glutathione peroxidase; SOD, superoxide dismutase; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.

^a^*P*\<0.05.

###### Correlations between myeloperoxidase and other measured variables about reactive oxygen species and inflammation
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MPO, myeloperoxidase; GRd, gluthathione reductase; GPx, glutathione peroxidase; SOD, superoxide dismutase; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; IR, insulin resistance; Rho S, Spearman rho correlation coefficient.

^a^*P*\<0.05, ^b^*P*\<0.01, ^c^*P*\<0.001.

###### Regression analysis with insulin resistance predicting variables
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Regression analysis was adjusted by age, body mass index, and gender. MPO, myeloperoxidase; TNF-α, tumor necrosis factor-α; GRd, gluthathione reductase; GPx, glutathione peroxidase; SOD, superoxide dismutase; IL-6, interleukin-6.
